& INTRODUCTION
Primary percutaneous coronary intervention (PPCI) is an established therapeutic strategy for ST-elevation myocardial infarction (STEMI) (1) , and the Thrombolysis In Myocardial Infarction (TIMI) flow grade is a scoring method for assessing coronary blood flow both before and after reperfusion (2) . The baseline TIMI flow before intervention in an infarct-related artery (IRA) has been previously shown to influence mortality in patients with STEMI undergoing PPCI (3) . However, the patency of the IRA before PPCI in patients with STEMI is a major determinant of TIMI flow 3 after PPCI, which is associated with an improved clinical outcome (4) . In contrast, STEMI patients displaying persistent no-flow after wire insertion (AWI) have a lower survival rate despite apparently successful PPCI (5) .
Atherosclerosis is an inflammatory disease (6) . Inflammation promotes coronary atherosclerotic plaque rupture and atherothrombosis (7) , which are the main mechanisms in the pathophysiology of acute STEMI. Leukocytosis is a marker of inflammation and is associated with the inflammatory response at plaque sites in patients with STEMI (6) (7) (8) . As part of this inflammatory reaction, cytokines such as interleukin (IL)-6, IL-8 and CD40 ligand trigger the upregulation of monocyte tissue factor expression, which may facilitate the extrinsic pathway of the coagulation cascade (9) . The neutrophil-to-lymphocyte ratio (NLR) has also emerged as an important inflammatory marker for cardiovascular risk stratification (10) . Previously, several studies established that an elevated NLR was associated with early IRA patency before PPCI, the development of no-reflow after PPCI, increased mortality and worse cardiovascular outcomes in acute STEMI (11) (12) (13) . However, the relationship between the admission NLR and coronary flow AWI in STEMI patients has not been assessed. Thus, we investigated whether an elevated NLR, as measured on admission, is associated with a persistent TIMI flow grade of 0 AWI in patients with acute STEMI undergoing mechanical reperfusion.
& METHODS
Between July 2012 and April 2014, consecutive patients who were hospitalized at our institution because of acute STEMI and who underwent PPCI within 12 hours after diagnosis were enrolled in our study. Initially, 669 patients were eligible for this study. In total, 25 patients were excluded from the study for the following reasons: 5 patients had unavailable laboratory data, 2 patients had multivessel intervention, 10 patients had been treated with an urgent coronary artery bypass graft due to failed PPCI or had coronary anatomy that was not amenable to PPCI, 3 patients had severe renal failure and 5 patients had acute or chronic infection/inflammation. Therefore, a total of 644 patients were ultimately included in our study. The mean age was 60¡13 years and 480 (74.5%) of the patients were men.
The definition of STEMI was based on criteria for the classic symptoms of coronary ischemia and the detection of a 1-mm ST-segment elevation in the inferior leads, a 2-mm ST-segment elevation in the anterior chest leads occurring in two contiguous leads (or reciprocal ST depression $1 mm in V1 or V2), or the presence of a new (or presumably new) left bundle branch block. Patients with active infection, previously proven chronic inflammatory disease, known malignancy, advanced-stage liver or renal disorders, or fibrinolytic administration in the previous 30 days were excluded from this study. To avoid the confounding effect of multiple lesions, only patients who underwent PPCI in a single IRA, without the treatment of additional lesions were considered. The patients were divided into 3 groups according to their TIMI flow grade: AWI TIMI flow grade 0 group, AWI TIMI flow grade 1-3 group and baseline TIMI flow grade 1-3 group. The study protocol was approved by the institutional review board at our hospital and all patients gave written informed consent before study entry.
All procedural parameters were evaluated by two independent experienced interventional cardiologists using quantitative cardiovascular angiographic software (Axiom Sensis XP; Siemens, Munich, Germany). The Syntax scores of all patients (except for coronary artery bypass grafting (CABG) patients) were calculated by two independent experienced interventional cardiologists who were blinded to the identities of the patients and to the patients' clinical information from baseline diagnostic angiography (14) . Each lesion with $50% diameter stenosis in vessels $1.5 mm in diameter was scored using an online calculator, version 2.1, at www.syntaxscore.com. Additionally, the TIMI flow grade was visually assessed in all patients. The TIMI flow grade was measured as follows: 0 = complete vessel occlusion with no angiographic visualization of the vessel beyond the site of stenosis (no perfusion); 1 = penetration without perfusion; 2 = partial reperfusion and 3 = complete filling of the distal vessel by the third cardiac cycle (complete reperfusion) (15) . As part of the protocol in this study, operators were requested to film coronary flow before (pre-PPCI flow) and immediately after (TIMI AWI) wire insertion, which was defined as satisfactory positioning of the wire completely down the length of the IRA, as well as upon removal of the wire after the intervention (post-PPCI flow). Procedural success for coronary stent placement was defined as achieving a minimum stenosis diameter reduction to less than 20% in the IRA, along with TIMI grade 3 coronary flow. The median door-to-balloon interval was 40 (32-55) minutes in our study.
Blood samples were drawn immediately upon hospital admission, before PPCI. Routine complete blood cell counts (XE-2100; Sysmex Inc., Japan) and blood chemistry measurements (glucose, creatinine) were then performed at our hospital. Cardiac enzyme (creatinine kinase-myocardial band (CK-MB), troponin T) levels, lipid profiles and highsensitivity C-reactive protein (hs-CRP) levels were also measured in all patients. The NLR was calculated as the ratio of the neutrophil count to the lymphocyte count. Moreover, to evaluate kidney function, the estimated glomerular filtration rate (eGFR) was obtained by applying the Modification of Diet in Renal Disease Study formula. To assess cardiac function, transthoracic echocardiography was routinely performed on each patient within 48 hours following PPCI (Vivid 3; GE Medical Systems, Horten, Norway). The left ventricular ejection fraction (LVEF) was also measured using the Simpson method according to the recommendations of the American Society of Echocardiography (16) .
All patients received a single loading dose of 600 mg clopidogrel and 300 mg aspirin immediately after arrival at the hospital. In addition, all patients received an intravenous bolus injection of 5000 U heparin before angiography. Baseline coronary angiography was performed by the femoral approach using the standard Judkins technique (Siemens Axiom Artis zee 2011; Siemens Healthcare, Erlangen, Germany). According to established guidelines, only culprit lesions were treated using standard PCI techniques and a 6-Fr guiding catheter (Launcher; Medtronic, Minneapolis, Minnesota, USA). According to patient characteristics and angiographic features, the selection of the type of stent (bare metal or drug eluting) and the decision to use a glycoprotein IIb/IIIa antagonist (tirofiban) or an intra-aortic balloon pump were left to the discretion of the operator. Additionally, the use of pre-or post-dilation and thrombus aspiration was left to the discretion of the treating physician. The IRA was the only target of the procedure, except in the case of cardiogenic shock. A 75 mg clopidogrel dose was administered for at least 12 months after the PPCI and 100 mg aspirin was prescribed indefinitely.
Statistical analysis was performed using the SPSS 18.0 statistical package for Windows (SPSS Inc., Chicago, IL, USA). Quantitative variables are expressed as the mean¡ standard deviation or as the median and interquartile range. Continuous variables were analyzed for normal distribution using the Kolmogorov-Smirnov test and analyzed for homogeneity using the Levene test. Comparisons of parametric values among groups were performed using one-way ANOVA. Comparisons of non-parametric values among groups were performed using the Kruskal-Wallis test. Tukey's HSD (for parametric variables) and the Bonferroniadjusted Mann-Whitney U-test (for non-parametric variables) were used as post hoc tests for multiple comparisons between groups. A two-tailed p-value,0.05 was considered statistically significant. A receiver operating characteristic (ROC) analysis was also performed to identify the best cutoff value for the NLR and the sensitivity and specificity at that point were obtained for predicting persistent coronary no-flow AWI. Univariate logistic regression was additionally used to identify independent predictors of TIMI flow grade 0 AWI. After performing the univariate analysis, significant variables (age, smoking, systolic blood pressure (SBP), LVEF, hemoglobin, eGFR, total cholesterol, NLR, peak CK-MB, hs-CRP, white blood cell (WBC) count, Syntax score and Killip class $2 on admission) were used in a multivariate logistic regression analysis. We also performed a multivariate logistic regression analysis to evaluate data the NLR versus in-hospital mortality, coronary no-flow, peak CK-MB and the Syntax score and inhospital mortality versus the NLR cutoff value, the Syntax score, peak CK-MB and no-flow in our study population.
& RESULTS
The baseline clinical characteristics of the patients in the 3 groups, divided according to the coronary TIMI flow grade are shown in Table 1 . The group with persistent coronary no-flow AWI was older, contained fewer smokers, had a lower initial SBP and lower LVEF values, and more commonly had Killip class $2 on admission. Compared with patients with TIMI flow grade 1-3 at baseline and TIMI flow grade 1-3 AWI, patients with persistent coronary noflow (TIMI 0) AWI had higher cardiac enzyme (CK-MB, troponin T) and hs-CRP levels, higher WBC and neutrophil counts and a lower lymphocyte count. These patients also had significantly lower hemoglobin, total cholesterol and triglyceride levels ( Table 2 ). The NLR was significantly higher in the AWI TIMI flow 0 group compared with the AWI TIMI flow 1-3 and baseline TIMI flow 1-3 groups (7.74¡4.96, 4.22¡2.53 and 3.39¡2.03, respectively, p,0.001). Figure 1 and Table 2 show the frequency distribution of the NLR according to the groups.
A total of 26 (4.0%) cases of mortality were documented during hospitalization. The AWI TIMI flow 0 group had a higher rate of in-hospital mortality compared with the AWI TIMI flow 1-3 and baseline TIMI flow 1-3 groups (13 (7.0), 6 (4.3) and 7 (2.2), respectively, p = 0.028) ( Table 2 ). We found that in-hospital mortality was independently associated with an increased NLR and increased no-flow (OR 1.52, p = 0.004 and OR 3.1, p,0.001, respectively). In addition, the percentage of complete ($70%) ST-segment resolution on electrocardiography after PPCI was significantly lower in the AWI TIMI flow 0 group compared with the AWI TIMI flow 1-3 and baseline TIMI flow 1-3 groups (p,0.001).
The baseline angiographic and procedural characteristics of the study population are presented in Table 3 . The number of diseased vessels and the prevalence of multivessel disease were similar among the groups (p = 0.252 and p = 0.277, respectively). The IFAs of patients with TIMI flow grade 1-3 AWI were less frequently located in the left anterior descending coronary artery, whereas in patients 
& DISCUSSION
To the best of our knowledge, this is the first study to identify an association between the NLR and coronary flow AWI in patients with STEMI undergoing PPCI. The main finding in this study was that an increased NLR value on admission was a strong and independent predictor of persistent coronary no-flow AWI in patients with STEMI undergoing mechanical reperfusion. In addition, the patients with TIMI flow grade 0 AWI had a higher rate of in-hospital mortality.
The early restoration of coronary flow in an IRA recovers ventricular performance and decreases mortality in patients with STEMI (3). Brodie et al. (3) were the first to report a different survival pattern in patients presenting with TIMI flow grade 2 or 3 before intervention compared with patients with baseline TIMI flow grade 0 or 1. Moreover, STEMI patients presenting persistent no-flow AWI have a lower survival rate despite apparently successful mechanical intervention (5) . Atherosclerosis is an inflammatory process (6) and inflammatory markers have been identified as useful predictors of clinical outcomes. In particular, the NLR has emerged as an important inflammatory marker for cardiovascular risk stratification (10). Akpek et al. (13) showed that the NLR was independently associated with the development of no-reflow and in-hospital major adverse cardiac events in patients with STEMI undergoing PPCI. In a recently published study, we also demonstrated that the NLR is associated with early patency of the IRA before PPCI in patients with STEMI (11) .
There are several possible explanations for why an increased NLR value on admission was an independent predictor of persistent coronary no-flow AWI in patients with STEMI undergoing PPCI in our study.
First, the NLR is a sign of balance between neutrophil and lymphocyte counts in the body and is an indicator of systemic inflammation (17) . Increased inflammation in patients with coronary artery disease may be linked to more extensive atheroma (18, 19) and the association between thrombotic and inflammatory pathways in acute coronary syndromes has been previously shown. Atherosclerotic plaque rupture is an inflammatory process mediated by the complex interplay between innate neutrophil-mediated reactive immune responses and subsequent (20) . In an acute setting, lymphopenia is a common finding during a stress response, secondary to increased levels of corticosteroids (21) . Under pathologic conditions, defective clearance of apoptotic cells due to poor phagocytosis of apoptotic cells results in secondary, necrosisinducing secretion of proinflammatory cytokines (tumor necrosis factor-a and IL-6). In addition, lymphopenia has been reported in critical inflammatory states due to increased lymphocyte apoptosis (22) .
Second, neutrophil infiltration can contribute to no-reflow by increasing blood viscosity and hypercoagulability. As part of this inflammatory reaction, cytokines such as IL-6, IL-8 and CD40 ligand trigger the upregulation of monocyte tissue factor expression, which may facilitate the extrinsic pathway of the coagulation cascade (23) . Additionally, the distal embolization of leukocytes and platelet-leukocyte aggregates might contribute to reduced downstream microvascular perfusion as well as to thrombosis and widespread myocardial inflammation (8) .
Third, it has been shown that a higher WBC count is correlated with the infarct size (24) . After AMI, the release of chemoattractants draws neutrophils into the infarct zone during the first 6 hours of myocardial reperfusion; during the next 24 hours, the cells migrate into the myocardial tissue (24) . Neutrophil infiltration is regulated through a complex sequence of molecular steps involving selectins and integrins, which mediate leukocyte rolling and adhesion to the endothelium (25) . These neutrophils cause proteolytic and oxidative damage to the endothelial cells, plug the microvasculature, and induce hypercoagulability and may promote infarct expansion (24, 25) . As we have found that peak CK-MB and troponin T levels were elevated and the LVEF was decreased in patients with TIMI flow grade 0 AWI, the NLR may act as a combined surrogate marker for both the reactive and the adaptive components of the inflammatory response that results in plaque rupture, ischemic myocardial damage, adverse ventricular remodeling and consequent LV dysfunction (26) . Our study has certain limitations. First, inflammatory markers other than hs-CRP were not analyzed and compared with the NLR. Second, the myocardial blush score, which is a well-known prognostic indicator in STEMI patients (27) , was not assessed in our study. Finally, the NLR was measured only at the time of admission to evaluate its prognostic impact. In conclusion, the NLR is a strong independent predictor of persistent coronary no-flow AWI in patients with STEMI undergoing mechanical revascularization. Patients with STEMI in whom persistent no-flow AWI is detected during PPCI are at greater risk for in-hospital mortality. As an early and readily available prognostic marker, the NLR may thus be useful in the early risk stratification of STEMI patients treated via PPCI.
